Objective: This study aimed to determine the reliability of imprint cytology (IC) for intraoperative diagnosis of pulmonary lesions.
| INTRODUCTION
Surgery for a pulmonary lesion often requires intraoperative pathological assessment, generally involving examination of a frozen section; however, in cases of latent infection, handling the surgical specimen can be hazardous. 1, 2 For example, preparing frozen sections of a caseating epithelioid granuloma during surgery from patients with tuberculosis carries the risk of infection for surgical and laboratory staff. Thus, although a definitive intraoperative diagnosis is important for determining the most appropriate surgery, pathologists must exclude tuberculous pulmonary lesions to avoid infection. 3, 4 We therefore proposed that examining an imprint cytology (IC) preparation of pulmonary lesions in a safety cabinet prior to intra-surgical frozen sectioning would increase the biosafety of pathology staff by decreasing the potential release of infectious agents. We also recognised that diagnoses can differ between IC and final or frozen section specimens because structural atypia is difficult to identify in imprints, and the specimen size can limit the available number of abnormal cells. [5] [6] [7] For the above reasons, we conducted a retrospective study to evaluate whether IC-based diagnosis of pulmonary lesions is as reliable as permanent specimenbased histopathological diagnosis and to assess the possible errors, pitfalls and limitations of IC in such cases.
| MATERIALS AND METHODS

| Case identification
We reviewed our Tokai University Hachioji Hospital pathology database to identify cases diagnosed clinically and treated surgically as pulmonary lesion, and for which an intraoperative scratch IC diagno- 
| Rapid scratch imprint preparations and cytological examination
Specimens of the pulmonary lesion obtained intraoperatively to prepare a scratch imprint were transferred immediately to a safety cabinet. After being macroscopically confirmed as fragments of the pulmonary lesion, the cut surface of the tissue was scratched and then dabbed against one or two clean slides with the resulting imprints fixed immediately in 95% ethanol in a safety cabinet ( Figure 1A ). The imprints were all stained with haematoxylin and eosin ( Figure 1B) , and some were also stained by the Papanicolaou method. Following the IC preparation, frozen sections of the lesion specimens were optionally prepared using a cryostat (data not shown).
For our study, the scratch imprints were cytologically reviewed. For comparison, we first classified the imprints according to our modified version of the Japanese Rules for Pulmonary Cancer Classification System (8th edition) 8 
| Categorisation of lesions based on the final histopathological diagnoses
Following preparation and analysis of the imprint in addition to frozen section samples, the remaining surgical sample in each case was fixed in 10% buffered formalin, embedded in paraffin, cut into 3-μm slices, and then stained with haematoxylin and eosin for a final diagnosis ( Figure 1C ). Ziehl-Neelsen acid-fast staining, Grocott staining and, sometimes, Gram staining were also performed, with real-time polymerase chain reaction also used to identify the causative bacte- All slides were examined microscopically by two expert pathologists (T.S., T.T.) to confirm the diagnoses.
| Categorisation of the lesions as benign or malignant
According to the final diagnoses, we divided the 113 lesions into two groups, with lesions categorised as type I or II considered benign and lesions categorised as type III considered malignant. We 
| Classification and evaluation of adequate vs inadequate IC preparations
For further evaluation, we divided the total 113 scratch imprints into two additional groups, with those in class A, B or C considered adequate for a diagnosis and those in class D considered inadequate.
We then looked at these two categories in terms of association between existence of a granuloma and the maximum size of the lesion (≥10 mm vs <10 mm). In addition, with all lesions for which the imprint was considered inadequate, we assessed the clinical diagnosis, patient's medical history, location and maximum size of the lesion, the final histopathological diagnosis and, if applicable, the causative bacteria.
| Statistical analysis
Variables are shown as median (and range) or as the number (and 
| Classification of the scratch IC preparations
The 113 IC preparations were classified as follows: class A in 17
cases (15% of the total cases), class B in 12 cases (10.6%), class C in 72 cases (63.7%), and class D in 12 cases (10.6%) ( Table 3 ). Thus, 89 lesions were included in the study analysis. According to the high PPV and low NPV, an IC-based diagnosis of malignant tumour (class C) corresponded well with the final histopathological diagnosis, but an IC-based diagnosis of negative (class A) was discordant. (Figure 2A-C) .
| IC-vs histopathology-based diagnoses
| Histopathological details in relation to an
IC-based classification of inadequate
| Clinicopathological details of the 12 IC preparations classified as inadequate
Among the 12 cases for which the IC preparations were classified as inadequate (Table 5) It is also important to note that five (41.7%) of our 12 cases for which the IC preparation was deemed inadequate were diagnosed as epithelioid granuloma with caseous necrosis, which is believed to occur in cases of tuberculosis and atypical mycobacteriosis and mycosis such as cryptococcosis. [10] [11] [12] [13] [14] [15] [16] Nevertheless, tuberculosis is not readily recognised during surgery, making real-time polymerase chain reaction-based detection of causative bacteria essential for a differential diagnosis in such cases, and particularly because the postoperative management of tuberculous infection is quite different from that of other diagnoses. 17 In addition, the number of patients with pulmonary non-tuberculous mycobacterial (PNTM) disease is increasing worldwide, 18 and the reported incidence in Japan in 2015 was 2.6 times that reported in 2007. We also reported the incidence of PNTM disease in Japan (14.7 cases per 100 000 person-years) to be much higher than that of tuberculosis (12.9 cases per 100 000
person-years). 19 Among the cases represented in our study, two were 
| CONCLUSION
Intraoperative IC-based diagnoses of malignancy correlated well with the final histopathological diagnoses of pulmonary lesions. In addition,
intraoperative IC performed in a safety cabinet improves infection control for medical staff. The possibility of latent bacterial infection in a granuloma with caseous necrosis also led us to conclude that IC preparations deemed inadequate for final diagnosis should not be ignored.
